Developmental coordination disorder (DCD) is a common neurodevelopmental condition which affects 2% to 6% of the population. 1 It is characterized by deficits in motor coordination that interfere with a child's ability to perform everyday tasks and academic activities. Previous research has shown that children with DCD have an increased risk of mental health difficulties compared with their peers, 2 and findings from cross-sectional studies suggest that young adults with DCD have a higher risk of experiencing internalizing problems, particularly mood impairments. 3 The few longitudinal studies that have been conducted have demonstrated greater prevalence of psychosocial problems for those with DCD in the long term, although recruitment from clinical samples, where risk of comorbidity is higher, and lack of strict diagnostic criteria limit the strength of the conclusions that can be drawn. 4 The mechanisms for DCD leading to poor mental health outcomes are not well understood. A monozygotic twin study reported that twins with DCD demonstrated higher levels of depressive symptoms than their co-twins without DCD, which suggests that mental health problems in DCD may be explained by unique environmental experiences. 5 The current study tests the Environmental Stress Hypothesis, 6 which considers poor motor coordination to be the primary stressor, which leads to multiple secondary stressors, such as frustration at school, negative peer interactions, or bullying, 7 which, in turn, contribute to poor self-esteem and subsequently internalizing problems. 8 Conversely, protective factors, such as social support, 9 guard against this cascade. Over time, the cumulative experience of positive and negative factors determines overall mental health and well-being.
Previous work on the Avon Longitudinal Study of Parents and Children (ALSPAC) cohort has shown that poor mental health outcomes at 9 to 10 years in children with DCD were associated with poor social communication skills, increased bullying, and poor peer relationships. 2 In this follow-up study using the ALSPAC cohort, we have re-examined the risk of mental health difficulties at 16 to 18 years in those with diagnosed DCD at 7 years of age, and hypothesized that those with DCD would continue to have a greater risk of mental health problems than their peers. We have also assessed the positive outcome of overall mental well-being, which we hypothesized would be lower in those with DCD. Finally, we aimed to assess the impact of poor social communication skills, low self-esteem, peer relationships, and bullying on mental health and well-being in adolescents with DCD.
METHOD ALSPAC
ALSPAC is a large population-based birth cohort that invited all pregnant females in the Avon area, south-west England, with expected dates of delivery between 1 April 1991 and 31 December 1992 to take part. 10 The original sample comprised 14 062 live-born children. ALSPAC has collected data on a large range of socio-economic, environmental, and health measures for parents and children, using questionnaires, face-to-face assessments, and linked health/education data. The study website contains details of all the data that are available through a fully searchable data dictionary (http://www.bris.ac.uk/alspac/researchers/da ta-access/data-dictionary/). Ethical approval was obtained from the ALSPAC Ethics and Law Committee and the local research ethics committees.
Measures
Exposure: moderate-to-severe DCD Children were defined as having DCD according to the adaption of the DSM-IV-TR criteria set out in the Leeds Consensus Statement 2006. 11 Children were defined as having DCD at 7 to 8 years of age if they met all four of the DSM-IV-TR criteria: (1) poor motor coordination; (2) functional limitation in activities of daily living or academic achievement; (3) absence of another neurological/visual disorder; and (4) absence of severe learning difficulty (IQ<70). Definition of children with DCD in this cohort has been described in detail previously. 1 Motor skills were assessed in a research clinic between 7 and 8 years of age using the ALSPAC coordination test, which consisted of three subtests of the Movement Assessment Battery for Children. 12 The subtests were chosen to represent the three domains of coordination: balance (heelto-toe walking), manual dexterity (placing pegs task), and ball skills (throwing bean bag into box). Age-adjusted ALSPAC coordination scores for each subtest were generated and summed to give an overall score.
1 Functional limitations were assessed using results from the English National Curriculum writing test at 5 to 7 years of age and a parent-reported activities of daily living scale. Those with known visual, developmental or neurological conditions, or with an IQ<70 were excluded from case definition of DCD.
A cohort of 6902 children had all the data required for full assessment. Those with a motor score below the fifteenth centile and who failed their National Curriculum writing test, or scored less than the fifteenth centile in the activities of daily living scale, were defined as having moderate-to-severe DCD.
Outcomes
Strength and Difficulties Questionnaire. The Strengths and Difficulties Questionnaire (SDQ) was self-reported at 16 years 6 months. The SDQ is a standardized questionnaire widely used to screen for mental health difficulties in young people and comprises 20 items relating to four different psychosocial scales (five items each): emotional symptoms; conduct; hyperactivity/inattention; and peer problems. Responses were scored using a three-point Likert scale, and answers summed to give a 'total difficulties' score out of 40. In a large survey of UK children, those with a score in the worst decile have been shown to have a 15-fold increase in the odds of having an independently diagnosed psychiatric disorder. 13 Scores were dichotomized using this 10% cut-off to define those with a high risk of mental health difficulties. Short Mood and Feelings Questionnaire. The Short Mood and Feelings Questionnaire (SMFQ) was self-reported at 17 years 6 months. The SMFQ is a 13-point validated questionnaire used to identify depressive symptoms. It has good validity and reliability in determining the presence of depression when a young person scores 11 or more. 14 We dichotomized the scores using this cut-off to define those with high risk of depression. The Warwick-Edinburgh Mental Well-being Scale. The Warwick-Edinburgh Mental Well-being Scale (WEMWBS) questionnaire was self-reported at 17 years 6 months. The WEMWBS comprises 14 positively worded items and responses were scored using a five-point Likert scale. Responses were summed to provide a single score out of 70, which indicates overall mental well-being. WEMWBS score demonstrated good validity and reliability in adolescent populations in the UK. 15 It does not have a defined cut-off for normality and so was analyzed as a continuous variable.
Confounding variables
Potential confounding variables were selected based on previous literature and our own univariate analyses against both the exposure (DCD) and the outcome measures.
Child-related variables assessed were sex, gestation, and birthweight. In this follow-up cohort, sex was associated with both exposure and outcomes.
Parental mental health and socio-economic status were associated with both DCD and child mental health in previous analyses. 2 Presence of maternal depression was taken from a self-report questionnaire at 12 years 6 months. Socio-economic status was assessed using the ALSPAC Family Adversity Index. The Family Adversity Index is derived from responses to a questionnaire about childhood adversity and socio-economic status, which mothers completed during pregnancy. The index comprises 18 items assigned a score of 1 if adversity is present and 0 if it is absent, giving a total possible score of 18.
What this paper adds
• Mental health difficulties in developmental coordination disorder persist into late adolescence.
• Adolescent females with developmental coordination disorder may have greater risk of mental health difficulties.
• Social communication difficulties mediate the relationship between developmental coordination disorder and mental health.
Mediating variables
The following variables were considered as potential mediators, based on previous literature: IQ; 2 hyperactivity/impulsivity; 2 friendship support and bullying; 7 self-esteem; 8 and social communication skills.
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IQ. IQ was measured using the short version of the Wechsler Intelligence Scale for Children III, applied in a research clinic at 8 years 6 months of age. IQ shows high stability over time when measured in school-age children onwards. 16 Hyperactivity/impulsivity. Difficulties with hyperactivity are incorporated in the total SDQ score as one of the subscales, and so were only adjusted for in the SMFQ analyses, using those in the worst decile of the SDQ hyperactivity/inattention subscale to denote significant hyperactivity. Social communication. Social communication difficulties were measured using the Social and Communications Disorders Checklist, 17 completed by the main caregiver at 16 years 6 months. It comprises 12 items relating to the individual's social communication ability and cognition, each with three responses (not true/quite or sometimes true/very or often true). Answers are summed to give a score between 0 and 36; a score of 9 or above was used to identify social communication difficulty trait. 18 Self-esteem. Self-esteem was assessed at 17 years 6 months using the Bachman revision of the Rosenberg's Self-esteem Scale, which comprises 10 statements relating to selfesteem, each with four responses (strongly disagree/disagree/agree/strongly agree), which are summed to give a total score. 19 Friendship support. Friendship support was assessed at 13 years 6 months using five questions from the Cambridge Hormones and Moods Project Friendship Questionnaire; 20 a higher score indicated less supportive peer relationships. Bullying. Bullying was assessed at 15 to 16 years as part of a self-reported questionnaire. Respondents were asked how often they were upset by name-calling/exclusion or bullying in the last year, with four possible responses (never/ rarely/sometimes/most days). Children were classified as being overt victims of bullying if they answered 'sometimes' or 'most days'.
Analyses
Logistic regressions were used to assess the associations between DCD and mental health difficulties on the SDQ and SMFQ. Multivariable models were created to adjust for the effect of the confounding and mediating variables sequentially. A 'variable-focused model' of resilience was used to consider how different variables influenced the risk of psychopathology in children with DCD compared with controls. 21 Model 1 adjusted for child and parental factors. Model 2 adjusted for IQ. Model 3 adjusted for social communication difficulties and hyperactivity. Pearson goodness of fit v 2 tests were used to ensure satisfactory model fit. Linear regressions were used to examine the association between mental well-being on the WEMWBS and each of the covariates. Tests were two-tailed, with an a priori set alpha-level of p<0.05.
Multiple imputation using chained equations was used to impute missing data in the covariates only. Analysis of imputed data sets helps to minimize attrition bias and improve precision of estimates. 22 Logistic regressions were used to determine which variables strongly predicted missingness; these were included in the imputation models (Appendix S1 and Table SI, online supporting information). Analyses were performed using all available data (Tables SII-SIV, online supporting information) and imputed data sets for the cohort as a whole, and then stratified by sex. Results from analyses of the imputed data sets, where the effect of attrition is minimized, are presented. All analyses were performed using Stata version 13.1 (StatCorp, Jacksonville, FL, USA).
RESULTS Sample
For those assessed for DCD at 7 to 8 years of age (n=6902), data for the SDQ at 16 years 6 months were available for 3918 children (168 [4.3%] with DCD), whereas data for the SMFQ and WEMWBS at 17 years 6 months were available for 3177 children (130 [4.1%] with DCD). Compared with those who were followed-up, those with missing outcome data were more likely to be male, have lower IQ, have lower socio-economic status, and have mothers who reported depression (Appendix S1). Characteristics of the children with DCD and controls who responded to the SDQ are compared in Table I . In this follow-up cohort, those with DCD were more likely to have poor social communication skills, lower selfesteem, less supportive friendships, and report more frequent bullying.
SDQ
The odds ratios (OR) and 95% confidence intervals (CI) of mental health difficulties measured by the SDQ using the imputed data sets are presented in Table II .
Cross-tabulation for the total difficulties SDQ score showed that 14.9% (n=25) of those with DCD were at risk of mental health difficulties versus 7.5% (n=282) of those without DCD. After adjusting for socio-economic factors (Model 1) and IQ (Model 2), the odds of difficulty were attenuated but remained high. However, further adjustment for co-existing social communication difficulties (Model 3) substantially attenuated the relationship. Using the SDQ subscales, children with DCD were more likely to have problems with hyperactivity and peer relationships, and these associations were similarly attenuated in the fully adjusted model.
When stratified by sex (Table III) , males with DCD were no more likely than same-sex controls to have mental health difficulties, as measured by the total score. However, they were more likely to report hyperactivity/impulsivity and peer relationship difficulties. The association with hyperactivity attenuated after adjustment but the association with peer difficulties persisted after adjusting for socio-economic factors, IQ, and social communication difficulties. In comparison, females with DCD had increased odds of a mental health difficulty on a number of measures when compared with same-sex controls. They had greater odds of difficulty on the total SDQ and with hyperactivity/ impulsivity, emotions, and peer relationships. All associations attenuated after adjustment for social communication skills.
SMFQ
The ORs and 95% CIs of mental health difficulties measured by the SMFQ using the imputed data sets are presented in Table II. A weak association was found between reported depressive symptoms on the SMFQ and DCD; 24.6% (n=32) of DCD cases reported symptoms versus 17.8% (n=541) of those without DCD. After adjusting for socio-economic factors, this association persisted but was attenuated after adjustment for IQ and social communication skills.
When stratified by sex (Table III) , males were no more likely than same-sex controls to report depressive symptoms. However, females were more likely to report depressive symptoms compared with same-sex controls. This association attenuated after adjustment for social communication skills.
WEMWBS
The linear associations between well-being and psychosocial factors for those with DCD using the imputed data sets are presented in Table IV . Males with DCD reported a higher mean WEMWBS score than females with DCD (49.2 vs 43.4, t=À3.64; p<0.001). Higher well-being scores were positively associated with higher self-esteem for both males and females with DCD. For females only, lower self-esteem was associated with poor social communication skills.
DISCUSSION
The results of this prospective study using a large UK cohort showed that children with DCD had a greater risk of mental health difficulties in late adolescence than their peers. They had particular difficulties with hyperactivity and peer relations and were also more likely to report depressive symptoms than their peers. When compared with same-sex controls, females with DCD were more likely to report emotional difficulties and depressive symptoms, whereas males with DCD experienced greater peer problems. These mental health difficulties were mediated by poor social communication skills. In those with DCD, higher mental well-being was associated with higher selfesteem. These results add robust longitudinal data, using a strict definition of DCD, to the growing body of evidence linking motor coordination problems with mental health problems in later life, and highlight the important contributory role of poor social communication skills.
The key strengths of this study are use of a large population-based cohort, which avoids the bias inherent in clinical samples, and the prospective follow-up over 10 years. We were able to adjust for multiple confounders and covariates and were also able to consider a positive outcome of well-being, collected separately from the mental health difficulties.
The main limitation is missing data. ALSPAC, in common with all cohorts, suffers from considerable attrition, which we have attempted to account for by using multiple imputation, an increasingly recognized method of dealing with missing data to minimize bias. 22 Previous work on this cohort found that children with DCD had greater risk of mental health difficulties on the SDQ (OR 4.23, 95% CI 3.10-5.77) and SMFQ (OR 2.08, 95% CI 1.36-3.19) when compared with their peers at 9 to 10 years. 2 In late adolescence, the risk was not as severe or pervasive. This may represent a true reduction in risk of psychopathology with age, but it must be acknowledged that attrition may have contributed to this lower observed risk. The factors that predicted missingness in this sample are also known to be associated with DCD, and so it is possible that drop-out of the more severe cases has led to an underestimation of risk.
Few studies have been large enough to assess sex differences in psychosocial outcomes in DCD. In our previous work on ALSPAC, no sex effect was found at 9 to 10 years. 2 In contrast, at 17 years, we found that when compared to their same-sex controls, females with DCD had a higher risk of self-reported emotional and depressive problems than males with DCD. In their population-based cohort study, Sigurdsson et al. found higher levels of maternally reported anxiety in adolescent males compared with females who had previous indicators of motor impairment in childhood. 4 One study of 7-to 8-year-olds olds referred to an occupational therapy service reported that females with DCD were more likely to experience peer problems than males on the parent-reported SDQ. 23 Another study found motor skills to be a potentially important factor affecting psychosocial well-being in adolescent females. 24 Population-based research has also demonstrated that females, in general, are at greater risk of reporting depressive symptomatology in adolescence.
14 It may be that a higher risk of depression in adolescence combined with both direct and indirect consequences of DCD make females with the condition were more likely to develop mental health difficulties than their male counterparts. This is concerning because females with DCD are thought to be an underdiagnosed group.
The Environmental Stress Hypothesis proposes that the primary stressor of poor motor coordination leads to a series of secondary stressors over time, which, in turn, lead to poor mental health. 6 Of particular interest is the impact of poor motor coordination on a child's social development. Children with DCD often struggle to perform in games and sports, and may avoid activities that highlight their impairments. Consequently, they may become socially isolated, and develop low self-esteem, which we found in this cohort. 2 Self-perceptions are an important factor influencing the relationship between poor motor skills and emotional outcomes. 25 It has also been proposed that poor motor skills in childhood may impair important executive functions, such as cognitive flexibility, which impact negatively on social understanding and therefore relationships. 26 Our work on the ALSPAC cohort has consistently shown the mediating effect of social communication skills and self-esteem on risk of mental health problems in DCD, relationships that are complex but have important clinical implications.
In light of mounting evidence that poor motor coordination and mental health are linked, clinicians need to manage not only the primary deficits in DCD, but also the secondary features that may influence the trajectory of mental health. The importance of social communication skills, selfesteem and peer support in mediating psychosocial outcomes in DCD has been increasingly highlighted in numerous studies. Clinical, psychological, and social interventions targeted on these domains may represent the best opportunity to improve mental health and well-being of children with DCD. This has been recognized in programmes such as the Partnering for Change initiative, 27 which focuses on providing a more holistic approach to managing DCD in schools. The concept has also been investigated in a randomized trial, which found that motor and psychosocial skills improved in 4-to 6-year-olds who took part in a whole-class physical activity programme called 'Animal Fun', which promoted social interaction. 28 More intervention-focused research is needed to determine the longitudinal benefits for adolescents and young adults with DCD, who are an important but less well understood group.
In summary, the work on the ALSPAC cohort has demonstrated longitudinally that poor mental health is an important consequence of DCD, especially so for females in adolescence. Factors that consistently affect these relationships are social communication skills, peer support, bullying, and self-esteem.
Conclusion
Clinicians need to be aware of and screen for mental health difficulties in young people with DCD. Combining therapy for motor coordination difficulties with interventions that help promote social interaction, self-esteem, and positive peer relationships may improve mental health outcomes in these individuals. core support for Avon Longitudinal Study of Parents and Children. We also thank Dr Tom Norris, University of Bristol, for his guidance on multiple imputation methodology. The authors have stated that they had no interests which might be perceived as posing a conflict or bias.
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